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The ALEXIS Project and the Local Interstellar Medium

J. J. Bloch und Barham W. Smith
Space Asoonomy and Astrophysics Group
Los Alamos National Laboralory, Los Alamos, NM, USA

ABSTRACT

The ALEXIS satellite (Priedhorsky er al., this volume) will be a valuable tool for studying the diffuse
soft X-ray background (SXRB). The SXRB emussion (0.07-0.25 keV) is thought to onginate in a plas-
ma at about 13°K that exists in the loca! intersiellar medium. Emission models of such a plasma (Ray-
mond and Smith 1977,1987) with normal cosmic elemental abundances predict that about 34% of the
atomic cooling power comes from a set of closely-spaced lines around 70 ¢V from Fe VII through XII
Two passhands of the ALEXIS telescopes will be centered a1t 66 and 72 eV to include the Fe line emis-
sion. The fAlux from these lines in the SXRB could produce a signal of as much as 150 counts per
second for ALEXIS welescopes with these passhands. With the narrow spectral response ol the ALEXIS
telescopes, an unambiguous measurement of the flux from the lines will be possible. When combined
with other data s=ts, the iniensities of the SXRB in the 66 and 72 ¢V bands allow distinction between
models of cmission from hot gas having nommal and depieted abundances. ALEXIS' spaual resolution
and estimaicd year-long operaung lifeume will aliow the gencration of all-sky maps of the SXRB n
these Fe 1'nes with about one degree resolution and considerable sensiuvity. These maps will be more
sensitive W absorpuon features due o nearby low-column-density clouds than maps donc 1n higher en
ergy bands.

1. Introduction

In this paper we eaplore the scientic iiarvest of the ALEXIS satclhte (Pniedhorsky et al., 19KE, 1989)
relating to thz local interstellar medium (LISM). After its discovery (Bowyer, Field, and Mack 196%),
the angin of the soft X-ray background (5XRB) remained a mystery, until it was recogmized as the sig

nature of a compenent of the ISM at about 10°K. The LISM is thought to he largely comprised of a
thin plasma v:ith a temperature between 8x10°K and 1.5x10°K. The ultrasoft X-ray background has
never been mapped wit the angular resoluton expected from ALEXIS, nor with the narrow band seleq

uvity of meal mululayer mimors. The key w undersuanding the ongin and nature of this phase of the
ISM lics in both spatial and spectral studies of its soft X-ray and EUV emission.

ALEXIS will be able tn perform such studies of the SXRB It consists of 6 ultrasoflt X ray telescopes
working al near nommal incudence with microchannel piaie detectors Each teiescope will have a1
degree fAicld of view and an effoctive collecting prea of apreoximately 005 em? including all ¢fficicn s
factors. FWHM spectral resolution of the nurrors will be "~ 5% The telescopes will utthze sphencal
mirrors coaled with layered synthetic mu rostructures (1.SMs) wned (o three narrow passhands distn
buicd among six telescopes. By carcfully selecung two of the telescope passbands o hie on wop of el
uvely intense EUV emussion Lines, the ratios of the fluxes detecicd in the different bands will be an
important wol ' temperature and elemental abundance determinations This 1y descnibed an the i
socbon below. Tne second secton below describes how the angular resolution of the ALL XIS ele
wopes will provide improved corstrainas on spaual models oi the disinbunon of the X ray ematting gas
within th: local intersicllar mediun

1. ALEXIS as 8 Tood for Abundance and empersture Dignostics

Ability to distiinguish between altrmanive maodels of the TISM diives the choce of encrgy bands tor the
ALLXIS telescopes Each immy will have a tandwidth of acceptance of only about Koangstoom.,
deteammcd by the chamctenstics of 1s 1LSM and by the resowted tange of reflection angles allowed by



the geometry of the opucal system. Within each 8 angstrom hand, reflecuvities for individual spectral
lines vary according to thewr differing wavelengths. Reflecuvity at wavelengths ouiside the bandwadih
of a muror is low enough that it can be neglecied, since the murors are wned 0 spectral regions con
taining the strongest lines, and there are no stronger linet just outside. However, there 1s some overlap
between the 66 eV and 72 eV responses that must be considered. The net response of one mirror (o the
line-rich spectrum expected from the LISM is the sum of the responses to individual specural hines
within its bandwidth. Thus the scientific products of the ALEXIS all-sky survey of the LISM will be
band intensities and band ratios. Can we disunguish between medels of the LISM using this informa
tion?

We have computed the expected flux wn all the spectral lines arising in a hot plasma that fall within
ecach bandwidth, using the Raymond and Smith {1¢%7) plasma spectrum code (see rig 9 f Priedhorsin
er al 1989). The expected flux is nomalized to the Be (berylhun) band (7¢ w0 111 ¢V) measuremenis
of the Wisconsin soft X-ray survey (Bloch er al 1986, Bloch 1988). We wbulaie the expecied band
intensiues for a range of temperatures and for both normal and depleted (Spiver and Jenking 1974)
abundance sets. Depleicd plasmas whose nomalized emission provides enovgh Be band counts require
mare emission measure than plasmas with normal abundances. Thus the observed spectrum of depleted
plasmas conlains stronger oxygen and neon Lines than that of normal abundance plismas, whose emis
sion in the ALEXIS bands 1s largely duc 1o iron.

The reflecuvity of a LSM 1s such a strong funcuon of incidence angle on the mirror that adiacent hnes
in the spectrum of a hot plasma have different integrated reflecuvities. For the current ALEXIS optical
design, incoming rays sample a range of normal incidence angles from 12 1 1o 17 7 degrees The arca
sold-angle product of this opucal system for each specrral line 18 found from the convolutuon of the
differenual area-sohid-angle product (as a funcuon of incidence angle) with the reflecuvity as a functon
of incidence angle. In the tables that follow. we give this number in cm? sr for cach hne

The emissivily of a hot plasma can be given m erg cmYsec (e.g Raymond and Smith 1987), but to
case nomalizauon W the Wisconsin Be band flux it can nstead be geven as photony's em? sr BM,
where EM is the emission measure along a tymical Lne of sight in ¢m ® pv When the emissivity from a
spectral line 1s multiphicd by the area-solid-angle product for that line and by the M required o pro
duce the Wisconsin Be band covnt rat:, an esumated number of photons per second resulis This pho
ton rate 15 the rate reflected off the inirror and wward the ALEXIS tilicr/detector system, whach will
have a net efficiency of about (.25, w0 the actual count rates will be about 174 the photon rates tibu
lated here. In Tables | through 4 we give thesc photon rates for the three AL EXIS bands and tor the
twn cases of normal and deplewrd abundances in the LLISM  The range of logT shown, from S K 1o
6.2, includes all temperatures jor the LISM that are consistent with intensey rabos of the B (boron, 110
e 188 eV) and C (carbon, 160 10 284 eV) bands frem the Wisconsin survey  Most ol the emitung gas
nmiust be within thus lemperature range, although small volumes may depart trom

| Table 1: Lines Contributing to 66 eV Band, Normal Abundances
I e A (Ll | lopel
lon FcV) A(A) cm? st S K 59 6l 6 (O
Fe VII 66 95 1RS » 171 1OR(X) 104400 TO(X) 100 0
O Vi 67 1% 1K1 1 1¢7 1500 Rix) o0 0 O
e X1 6K 73 1K0 4 119 A(0) I L} JAO00 1RO 18 S0
be XI1 6on U 1860 1 ¢) 0 Kox) 11700 A77000 dedn
Ar X1 65 67 IKK R 1 14 0 0 0 N0 14w
S XI 64 KY 1917 08l 0 0 0 0 NN
TF'otals i IRSO0 1 700%) 40 UK RO e
M required (cm b Mo (M) (e (1S (! ot
Photons et sec(from nuarror) ; A KA NN tut! 6o



Table 2: Lines Contributing to 66 eV Band, Depleied Abundances
Line A log(T) B
Ion E(cV) AA) cm’=sr 58 59 60 61 62
0 VI 67.35 184 1 167 1120 650 450 380 10
Fe VII 6695 185.2 171 210 130 50 0 0
Fe X1 6873 180.4 1.19 0 &) 3 ARD 190)
Fe XN 66.34 186.9 1.60 0 0 150 o)) S6x)
S XI 64 85 1512 051 0 0 0 ) 240
Ar X1 65.67 188 8 114 0 00 2K
Touls 10 B0 90 1630 18
[EMrequred em*-py 1w o2 s 05 o
Vihou)nmr sec(from mirror) L o - IHV*» 82 RO
. ~___Table ¥ Lines (‘oglri_puling to 72 e\L@dJ Normal Abundances o
- Line _ Ao T e
lon EeV)  MA) | emPa | MK S8 60 6] 6.2
Fe 1X 72.47 1711 1.99 T SOAX) 75400 SO0 15600 1400
Fe X 71.00 1746 196 ¢ 1210 44000 78000 SI000 9600
1O VI 71.67 1730 2 0K ' 1) 2000 1400 1200 110
FeVit 7017 1767 | lM 0 B0 0 o0 0
Tols _ - I 6100 121400 PAIKOO 67800 12100
EM required (em ® po) o i R LI I s 007 01
Phowns per s(from mirory l AN 610 o) 470 120
[ Tabie 4: Lines Contributing to 72 €V Band, Depleted Abundunces
- Line ) INAWQ » log( T !
lon o l?(rc\'} X(»A) cm’_ sr S K 59 60 61 6t
O VI 71 67 1730 208 2540 1490 1) 020 Hio
Fe IX 7247 1711 190 Te) 950 670 200 20
Ne V 71 %0 1719 200 210 0 0 0 0
e X 7101 174 6 Lon 180 550 QK0 n0) 120
Totlh L 6RO 2000 2710 1760 940
EM mqunrcd («m a ™) I 00K _()_.‘ (K 0% 08
Photons per sec(from marror) ! 29 &) 10K KX AN

In Figure 1 we display the two band photon rates (not including the efthiciency of the hilter and deteciorn
system) as a funcuon of wmperature and deplenon For gas temperatures greater than about 10°K Cwre
1s clear separation beiween varatons in temperature and an depletion However for the lower (emwera
tures there will be a residual ambiguity which may be resolved by the Be/Boand B/C ranos (see Bl h
198H). Note that the (72 eV )it ¢ V) hand rano 1s insensinve o absorpion by cold gas, becanse the
band energics are so close A bandpass centered at KV eV ohas also been conadered, since 1t encom
pasacs several moderately strong neon and oavgen hines, as well as some mcked Lnes analogous o the
won hnes i the lower bandpasses However, this band does hittle 10 resolae the ambiguity at Towes
The thud ALE XIS bandpass wall he contered at abou 95 eV oand docs not encompass any
signihcant emission hines expected trom the TISM
hands

(temperature
Iowill serve, nevertheless, as i check on the other

HI Spatinl Studies of the SXRB with AL F NS

The SXRB has been moapped w the O Bonnd Be band woath spatal re olution rany oy from U deprens



10 15 degrees (Bloch er al 1986, Bloch 1988, Marshall and Clark 1984, McCammon ef al 1081
These maps have been used as the basis for models of the disuibuuon of hot X -ray emitting materis!
and absorbing neutral clouds in the interstellar medium  Figure 2 chows the column density as a func-
ton of photon energy for one opucal depth through the neutral phase of the intersiellar medium. The
ceniers of the ALEXIS telescope bandpasses are indicated with verucal doted hines  The top honsonw!
dashed Line shows the minimum HI column density out of the Galaxy wwards the north galacuc pole
The second dashed line indicawes the approx.mate column density of ncuural interstellar materal
esumated to be between the Sun and the wall of the local cavity. As can be seen from this plot, the
ALEXIS bandpasses will be sensiuve 10 flucwauons in the SXRB flux caused by nearby clouds of rely
uvely tow column density. The Sun appears o be wnside such a cloudlet. How many similar cloudles
arc inside of the local caviy? Companng maps of the SXRDB in the ALEXIS bandpasses with higher
encrgy maps could help o descnbe the local distnbuuon of these low coltmn density clouds

To demonstrale this, we have simulaled observauons of the SXRB flux from a modcel cavity - We have
fillcd a sphere with a radius of 1(X) pc with hot X-ray emitung gas of uvniform emissivaty and placed
sphencal clouds randomly within it For the model shown, the radius of the clouds was Vpo and their
column dersity through the center was Ny, =2x10"'em™?. The cloud density s approximately 001
This modcel 1s not put forth as a candidale descnption of the local ISM, but rather as a demonsuanon of
the informauon content in the SXRB spoual maps that will be generated by ALEXIS  Figure 1 con
tuns four sumulated map secuons of the SXKB at different energies arranged as quadrants of g
Hammer-Anoff map projection. The resolutuon of the maps 18 2.0 degrees  However, the ulumate reso
luuon possible with ALEXIS should be 1n the range of 1.0 w0 0.5 degrees. The upper nght quadrant o
thc map shows the model sky as it would be seen by the 72 eV ALEXIS telescopes The upper left i
drant shows the sky as it would appear 10 the 95 ¢V ALEXIS telescopes (95 eV s also the average
encrgy of the Be band). The bottom night quadrant shows the maxdel sky as 1t would appear in the B
b.nd (130 - 188 ¢V), and the botom left quadrani as it would appear 1n the C band (160 284 eV
band maps which surpass this spatwal quahity will be produced by ROSAT

As can be scen n the figwe, the flucwavsens due w absorpuon increase as the photon encigy ol the
observauon drops. Modehing of such spaual flucwauons in the actwal SXRB spaual dat from ALE XIS,
ROSAT and other exisung data sels will put constraints on local cloud distnbution models  Intensain
minima secn 1n maps ke tiese can be due either to absorpuon of distant flux by nearer cold gas (see ¢
& Jakobsen and Kehn 19K6) or w sbsen. e of flux due 1o shorter Lines of sight through the hot gas e g
Con and Snowden 1986, Bloch 1988)  [nwensity maxima can anse through vanations in temperature o
through longer hines of sight through hot gas  Imponant constraints on models have been developed by
compaing Be, B, and C band maps of the sky For example, while the data used 10 generate these
ral:os was oblained mostly from maps with >6 degree ficlds of view, ALEXIS and ROSAT will usher
in a ncw era when such maps can be generatcd op scales better than one degree A more mapping of
clousds in the LISM occurs (York and Frisch 1989), there 1s hope that specific neutral structures can be
assocuated with features in ALEXIS maps to better descnihe our local intersicllar environment

IV, Conclusions

Al XIS will provide a weanh of data on the SXRB The spatal maps prodieed by AL XIS when
combined with other data sets will give us valuable informanon on the distribution of hot X oy et
ung plasma and cold absettang diffuse Clowds an the Tocal vicimty of the Sun The flux measured
ALLXIS nartow energy bandpasses will help constrin models of the ©ooy ennssion trom the plasma
The com lumions drawn from these two types of studies will help oy dicover the nature and ongaim o1
the hot phase of the intesstellar medum

This work s supponcd by the Depantment of Forrgy
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Figure Captions

Figure 1 — Rates of photons reflected off the murrors wward the Aillers, for the 66 ¢V oand 72 ¢V
ALLXIS bandpasses. The daw ploncd 18 waken from the accomponyving ables  The solid ine
connects pownts for normal abundances, and the doted line connects thaae tor depleted abun
dances  Fach point s labeled by the log of the gas temperiture

Figure 2 - Plot of column density through the neutrial interstellar mediam required 1o achicve an
opucal depth of onc &y a function of photon encrgy  The minimun column density out o e
galaxy 15 windicated. as well as the esumated typrcal column densaty aiong a line of apht o the
wall of the local cavity The four verucal doued lines mdbcate the centers ol the proposed
Al EXIS welescope bandpasses

Figure v — Simulated maps of the soft X ray ba kground trom ihe center of a mivthical Caviny o
the ISM fillicd with x ray emutung plasma  Sphencal ciouds of absorbiny neatral mate nal haive
been placed randomly within the cavity with an average clowd denvaty of 00T The Clouds are
all of the same size with radi of 3 po, and column densues daouph therr centers o
Ny 210" m 1 Each quadrant of the mitoff map 18 o secuon of the simulated soft X ray bob
groun' emission al different encrgies The upper night comer of the map s a simulated map ma
at 12 eV, onc of the AL LXIS bandbasses The upper left quadiant s o map made ar 9% ¢\ wh



s one of the ALEXIS bandpasses and also the average photon energy within the Be Band The
bottom nght map shows how the cavity would appear in the B band, and the bouom left 1n the ¢
band¢. The maps have all been displayed with the same cenwour and greyscale levels, and the
plasma emissivity for all wavelengths are assumed 1o be the same for this companson The mag
rutude of the fluctuations vanes from S0% at 72 eV 10 about 5% at C band encrgies



ALEXIS Photon Rates for Different LISM Condilions
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Soft X-ray Background Simulation
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